Background 12 Genetic Exchange in Trypanosoma cruzi is controversial not only in relation to its frequency but 13 also in relation to its mechanism. A mechanism of parasexuality has been proposed based on 14 laboratory hybrids, but population genomics strongly suggests meiosis. In addition, 15 mitochondrial introgression has been reported several times in natural isolates although its 16 mechanism is not clear. Moreover, hybrid DTUs (TcV and TcVI) have inherited at least part of the 17 kinetoplastic DNA (kDNA = mitochondrial DNA) from both parents. 18 Methodology/Principal findings 19 In order to address such topics, we sequenced and analyzed fourteen nuclear DNA fragments 20 and three kDNA maxicircle genes in three TcI stocks which are natural clones potentially involved 21 in events of genetic exchange. We also deep-sequenced (a total of 6,146,686 paired-end reads) 42 DNA (called kDNA) may be inherited from both parents in hybrids. Here, we analyzed a hybrid 43 strain and the potential parents to address about the mechanisms of genetic exchange at 44 nuclear and mitochondrial level. We observed that the hybrid strain has heterozygous patterns 45 and DNA content compatible with an event of meiosis. In addition, we observed that the 46 evolutionary histories of nuclear DNA and maxicircles (a part of the kDNA) were discordant and hybrid strain shared minicircles (another part of the kDNA) with both parental strains. Our 50 results suggest that hybridization implied meiosis and biparental inheritance of the kDNA. 51 Further research is required to address such phenomena in detail. 52 53 0904420106 [pii]. PubMed PMID: 19497885; PubMed Central PMCID: PMC2700931.
the hypervariable region of kDNA minicircles (mHVR) in such three strains. In addition, we 23 analyzed the DNA content by flow cytometry to address cell ploidy. We observed that most polymorphic sites in nuclear loci showed a hybrid pattern in one cloned strain and the other two 25 cloned strains were compatible as parental strains (or nearly related to the true parents). The 26 three clones have almost the same ploidy and the DNA content was similar to the reference 27 strain Sylvio (an almost diploid strain). Despite maxicircle genes evolve faster than nuclear 28 housekeeping ones, we did not detect polymorphism in the sequence of three maxicircle genes 29 showing mito-nuclear discordance. In addition, the hybrid stock shared 66% of its mHVR clusters 30 with one putative parental and 47% with the another one. In contrast, the putative parental 31 stocks shared less than 30% of the mHVR clusters among them.
32
Conclusions/significance 33 The results suggest a reductive division, a natural hybridization, biparental inheritance of the 34 minicircles in the hybrid and maxicircle introgression. The models including such phenomena 35 and that would explain the relationships between these three clones are discussed.
37
Author summary 38 Chagas disease, an important public health problem in Latin America, is caused by the parasite 39 Trypanosoma cruzi. Despite it is a widely studied parasite, several questions about the biology 40 of genetic exchange remain. Meiosis has not been yet observed in laboratory, although inferred 41 from population genomic studies. In addition, previous results suggest that the mitochondrial the three strains share identical DNA sequences. Mitochondrial introgression of maxicircle DNA 48 from one genotype to another may explain this observation. In addition, we detected that the Introduction 54 The trypanosomatids cause devastating diseases around the world [1] [2] [3] . Trypanosoma cruzi, 55 Trypanosoma brucei and Leishmania species are the main human pathogens among the 56 trypanosomatids, although other members of this family are also relevant [4, 5] . Genetic 57 exchange has been proposed naturally occurring in these species [6] , although its frequency is 58 still debated [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Genetic exchange by meiosis has been described in T. brucei [17, 18] Fig 1A) . Instead, the percentage of heterozygous polymorphic sites was 207 relatively lower in PalDa20cl3 (25%) and TEV55cl1 (13.9%) than in TEDa2cl4. The flow cytometry 208 analysis for the three strains showed that they have similar DNA contents ( Fig 1B) suggesting a 209 reductive division as meiosis. Particularly, the DNA content of TEDa2cl4 (hybrid) and TEV55cl1 210 (putative parental) were almost identical. The estimated ploidy level is similar to the obtained 211 in the almost diploid reference strain Sylvio ( Fig 1C) . In addition, PalDa20cl3 showed the higher higher average substitution rate in maxicircle loci than in nuclear loci was observed for most 228 comparisons (Fig 2A and Fig S1) . The exception was the pair TEV55cl1-PalDa20cl3, which had 229 more substitutions at nuclear loci than at mitochondrial loci. This result indicates mito-nuclear discordance. A comparison between nuclear and mitochondrial phylogenetic trees also reveals 231 the mito-nuclear discordance ( Fig 2B) . In addition, the trees also showed discordance 232 considering other TcI strains suggesting that it is not an uncommon phenomenon. 
248
We performed deep sequencing of the mHVR amplicons for the three strains. The number of 249 reads for each strain is observed in Table 3 . Sequences were clustered according the percentage 250 of sequence identity. Despite these strains had no variation in the three maxicircle loci analyzed 251 (Fig 2) , the number of mHVR clusters was highly variable among strains (Table 3 ). In addition, a 252 rarefaction analysis showed that the number of clusters did not depend on the number of reads 253 for each strain. A Principal Coordinates Analysis (PCoA) ( Fig 3A-B) of Bray-Curtis dissimilarities among strains 259 revealed that TEDa2cl4 did not cluster closely to one of the parental-like strains as would be 260 expected under the hypothesis of uniparental inheritance of minicircles. Conversely, PCoA 261 showed a TEDa2cl4 located almost at the middle between both strains ( Fig 3B) . In addition, we 262 analyzed shared clusters at different identity thresholds (Fig 3C-D) . At 85% identity threshold, PalDa20cl3 had higher percentages (40.4% and 63.1% respectively) of mHVR clusters which are 266 singletons (i.e. they are not shared with any other strain) ( Fig 3C) . We also analyzed shared 267 mHVR clusters at a more restrictive clustering threshold (at 99% identity threshold). In this case, 268 the number of mHVR clusters in TEDa2cl4 that were observed in PalDa20cl3 and/or TEV55cl1 269 was reduced to 50% ( Fig 3D) . This genetic divergence suggests that it is more likely that TEV55cl1 270 and PalDa20cl3 are not related to TEDa2cl4 in a recent time (i.e. they are not direct parents). any mHVR cluster (8 mHVR clusters which correspond to 2.9% and 2.2% respectively), although observed in TEV55cl1 but not in PalDa20cl3 and 42% were observed PalDa20cl3 but not in 
